The b eh av io u r o f th e N M R p aram ete rs linew idth, longitudinal relaxation tim e, and chem ical shift o f 27A1, 69G a, 7lG a, and ll5In has been in v estigated in aqueous solutions as a function o f salt and concentration o f a d d ed acid o r base. A sim ila r b e h av io u r for the N M R p aram eters o f these nuclei has been found.
Introduction
Reported inconsistencies in the behaviour o f the NMR param eters chemical shift Ö , line width Av (resp. T2), and longitudinal relaxation tim e T\ of 45Sc as a function o f concentration and acidity of aqueous solutions led us to systematic investigations of the param eters of this elem ent [1] and o f some Ilia group elements, which will be presented in this work.
In the case of scandium, an interesting behaviour of Ö , Av, and \/T\ has been observed for the 45Sc NMR signal as a function of added acid in chloride and sulphate solutions: with increasing concentra tion of the acid all three param eters decrease strongly, show a m inim um and finally increase again. For the linewidth o f 27Al in highly concen trated alum inium sulphate solutions [2 ] and o f 115In in indium nitrate solutions [3] a sim ilar dependence has been found earlier. But systematic and com parable N M R data obtained in aqueous solutions are very rare for 115In and not very frequently for 71Ga and 69G a, as can be verified from some review articles [4, 5, 6 ]. More data are available in the case of 27A1 [4, 5, 6 ], Due to the available m ulti-nuclei N M R instru ments, systematic investigations of Ö , Av, and Tx for the isotopes 27Al, 69G a, 71G a, and 115In are possible. So, the behaviour of N M R properties linewidth, relaxation time, and chemical shift, has been inves tigated in aqueous salt solutions as a function of added acid or base for the mentioned nuclides.
Experimental
The investigations have been perform ed with an NM R Fourier spectrometer using a Bruker pulse console SXP 4-100, an externally 'H N M R stabilized Bruker high resolution magnet system working at 2.11 T, and a B-NC 12 data unit. Some NM R parameters for the observed nuclei are given in Table 1 .
The samples have been prepared by weighing salts and solvents. Cylindrical samples of 10 mm diam eter were used at a tem perature of (299 ± 1) K. For the variable tem perature measurements, the Bruker B-ST 100/150 unit has been employed.
The T\ measurements have been done by the Fourier transform inversion recovery method fol lowing the procedure described in [7] . The T2 data are derived from the linewidths obtained from N M R lines with high signal-to-noise ratios. The chemical shifts are given by ö= (v^mpie -vref)/vref. A positive value means a shift to higher frequency at a constant field. Figure 1 shows the large spread of observable NM R properties. 
Gallium
In Fig. 2 , the linewidths of 71G a in 0.5 molal aqueous G a (N 0 3) 3 solutions as a function of added H N 0 3 or N aO H are given. With decreasing am ount of added H N 0 3 the line width decreases, shows a m inim um and increases strongly for small amounts of acid. In the region of the minim um the dom inating species in the solution must have a high symmetry, otherwise a rather strong quadrupolar broadening would occur, which means that mainly the octahedral hexa-aquo-complex G a(H 20 )ö + is present. W ith higher concentra tions of acid the viscosity increases and may broaden the line but also a broadening occurs due to exchange processes with gallium containing spe cies with lower symmetry. The same, but to a stronger extent, is the case for the less acid solutions. It is not easy to say which species are present in this region. Some remarks are given for instance by Tarasov et al. [8 ] and Akitt et al. [9] . The linewidth increases very strongly by adding small amounts of NaOH. Further the signal intensity is very small (see Figure 1 ). The chemical shift of the observed signal (see Figure 2 ) is practically independent of the added H N 0 3 or N aO H until a concentration of about 1.5 molal NaOH. For higher concentrations of the base a trem endous decrease of the linewidth is found accompanied by a change of the chemical shift of (+223 ± 1 ) ppm, but again the signal strength is small ( Figure 1 ). Obviously in the basic region only parts of the gallium can be detected. The shift is also constant with increasing concentra tion of N aO H, and the linewidth, which is some what larger than in the acidic m inim um , increases again. The species which is observed in this region must also have a high symmetry and is supposed to be G a(O H )4 . The chemical shift between G a(O H 4 and G a(H 20 )^+, which is + (223 ± 1) ppm, can be compared with the results for 45Sc: + 115.7 ppm [ 1 ] and 27Al: + 80 ppm [2, 5] .
In Fig. 3 the linewidths for solutions of 0.25 molal G a 2 (S 0 4) 3 in sulfuric acid are given. Again the typical broadening has been found. But the lines are broader and especially at the m inim um of the line width, where the main species is assumed to be Ga(H20 )6 +, the 71G a linewidth in sulphate solu tions is larger than in the nitrate solutions. This gives some indications that other species must con tribute to the observed linewidth.
Indeed, in the solutions showing narrow lines a second small, and from the strong signal not wholly resolved line is observed which is situated 1 0 ppm towards lower frequencies. This is in analogy to the second signal (at -3.4 ppm) in the case of 27Al in acidified Al2(S 0 4)3-solutions [10] .
The question now arises if the relaxation pro cesses in the case of the nitrate solutions at the line width m inim um are governed mainly by the qua drupole interaction. To get more insight, m easure ments of the tem perature dependence of the line width and of the ratio of Tx for 69G a and 71G a were performed: The tem perature dependence of the Larm or frequency and the linewidth of 71G a has been studied for the 0. Figure 4 . The typical be haviour for a quadrupolar broadened signal is found. The narrowing effect is rather strong, the linewidth decreases by a factor of 2 in the given tem perature range. Such a strong change in line width with tem perature has also been found in the case of the Illb-nuclide !39La in lanthanum nitrate and chloride solutions [1 1 ].
If the relaxation process is mainly governed by the quadrupole interaction, the ratio of the q uadru pole moments of two isotopes can be derived from the ratio of the longitudinal relaxation times [12, 13] : In the case of identical nuclear spins, e.g. for 69G a and 71G a, the following relation is obtained:
With the longitudinal relaxation times r ] ( 69G a) = (5.1 ± 0.2) ms and 7'1(71G a) = (2.0 ± 0 .1 ) ms, which have been measured by the inversion recovery method for both 69G a and 7,G a in the 0.5 molal solution of G a ( N 0 3) 3 in 1 molal H N 0 3, the follow ing ratio is found: 0 ( 69Ga)/0(71G a) = 1.60 ± 0 .0 8 .
This can be compared with the ratio measured by NQR-investigations by Dehm elt [14] :
It is obvious that mainly quadrupole relaxation for gallium must be assumed in the given solution.
1I5Indium
Only little inform ation is available on ll5In N M R signals in aqueous solutions [4, 5, 6 ]. In the early work of Cannon and Richards [3] , some data are given for the linewidth in a 0.33 molal solution of indium nitrate as a function of the concentration of nitric acid. In our work, the N M R linewidths of 115In in 0.1 molal aqueous solutions of In ( N 0 3) 3 have been measured as a function of concentration of H N 0 3. Since the linewidth increases strongly with the indium nitrate concentration, a low salt concentration has been choosen.
The lines are at least 1000 Hz broad and the typical behaviour is observed (Fig. 5) : very broad lines for high concentrations of H N 0 3, a minimum of the linewidth at about 0.5 molal H N 0 3 and an increase of the linewidth for lower concentrations of H N 0 3. At very small concentrations of H N 0 3, the lines broaden so strongly that no longer a signal could be observed. The quadrupolar relaxation is very effective in the case of 1,5In due to its large quadrupole moment (see Table 1 ). From an earlier investigation [15] on hyperfine structure anomalies of ll5In and 113In informations about the ratio of the linewidths of both nuclei are available which con firm the quadrupolar origin of the linewidths.
27Aluminium
Earlier unpublished data obtained in our labora tory showed [2] that the linewidths of 27A1 in aqueous solutions of A12(S 0 4) 3 as a function of increasing amounts of added sulfuric acid First decrease, have a minimum, and then increase. At the minimum linewidth, the species A1(H20 )6 + dominates although a second 27A1 NMR line is observable. In the mentioned investigation, the salt concentration was relatively high, 2.5 molal, and therefore a large range of concentrations of sul phuric acid had to be investigated. Some data are also given by Zarikov and Nikiforow [16] .
In Figs. 3, 5, 6 longitudinal relaxation rates \/T u which have been m easured by the inversion recov ery method, are given for solutions which are 0.25 molal in A12(S 0 4)3, 0.5 molal in A 1(N 03)3, and 0.5 molal in A1C13 as a function of the concentration of the respective acid. Again the very typical be haviour is found for \/T x. The value at the m ini mum is somewhat smaller than 1 0 ms, a value suggested from the linewidth of about 3 Hz, typical ly found for the species A1(H20 )6 + [10] , if T2 = T\. But the relaxation rates \/T x at the minimum are different for the different anions: (8.7 ± 0.4) s-1 for sulphate, (5.7 ± 0.3) s-1 for nitrate, and (7.4 ± 0.4) s' 1 for chloride solutions. It is interesting that for perchlorate solutions Holz et al. [17] have found \/T x = 5.7s_1 and for chloride solutions Hertz et al. [18] give \/T x = 7.5 s-1. Obviously the differences in MTX are due to anionic effects and they must be taken into account. Perchlorate and nitrate anions have the smallest influence. These results for the relaxation rates indicate again that the hexaaquo complex is the dom inating but not the only species present in the solutions, as has been recently shown also by chemical shift measurem ents [19] . Concluding, for a comparison of the relaxation rates of 27Al in aqueous solutions with theory, for instance the electrostatic theory of Hertz [13] , T\ data in solutions with concentrations as low as pos sible should be available. But this requirem ent for "infinite" dilution can be hardly fullfilled due to the further need of acidity of the solutions. N aturally these requirem ents are valid for all the Ilia-and Illb-elements.
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Solvent Isotope Effect
Due to the higher viscosity and the smaller self diffusion coefficient of D 20 com pared with those of H 20 , the quadrupolar relaxation of ionic nuclei shows a solvent isotope effect which is expected to be about 23% at infinite dilution (see e.g. [20] ). In a review article by Holz [20] data are listed for a couple of elements for which this effect has been measured.
For the nuclides investigated here, results for T x resp. Av are given in Table 2 . Obviously, T, is shorter resp. Av is larger in the deuterium oxide solutions. This is the case in aluminium chloride as well as in nitrate solutions, where mainly the hexaaquo-complex is present. Also in the basic solutions, where the tetrahydroxo-complex is dominating, the solvent isotope effect is found. In all examples the pure H20 -D 20 effect is something obscured by the relatively high concentrations of the acids and bases which are needed for the appropriate pH-value. A solvent isotope effect is found for all elements although the values of the relaxation rates are decreasing strongly going through the row alumin ium, gallium, indium.
Summary
The linewidth and longitudinal relaxation rates of the investigated Ilia group nuclei show a very typical behaviour with a minimum for these pa rameters as a function of the acidity. The results are very similar to those of the Illb nucleus 45Sc [1] . The linewidths resp. relaxations rates at the minimum originate mainly from the quadrupolar interaction.
As a function of the atomic num ber of these elements, the effects increase not only due to the increase of the quadrupole moments (see Table 1 ) but also due to the increase of the Stem heim er anti shielding factors [13, 21] . The H20 -D 20 solvent isotope effect of the relaxation rates is well estab lished in the acidic and the basic range.
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